I. INTRODUCTION
Due to various RFID applications across textile industries, there has been an increase in demand for antenna design which can provide the nature and flexibility of cloth and yet providing the functionality as expected of an electronic system [1 -4] . The RFID system works at 860 -960 MHz across the Europe and 865.5 -867. 5 MHz across the UK, hence the designed antenna should provide the functionality within this range. At the same time, the antenna should be compact and small with its intended bandwidth and good directivity, gain and radiation efficiency. Various papers have presented antenna design for wearable electronics in the past [5] . However this paper talks about a dipole logo antenna based on NTU with its resonance frequency at 865 MHz and have been designed using a fine layer of copper strip over a nonconductive fabric substrate, Cordura ® and Polyamide spacer [1] . The antenna can be embroidered using an embroidery machine for its integration with clothing. Further the antenna itself can be encapsulated using some polymer material such as thermoplastic polyurethane in order to avoid external unknown or unaccounted effect for its electromagnetic properties. The bending effect of the antenna has also been shown here. The paper has been divided into various sections with Introduction, Design, modeling and simulation results, comparison of parameters, conclusion and finally acknowledgement.
II. DESIGN
A Logo dipole antenna has been shown in Fig. 1 . As shown here, it has two arms, forming two dipoles. There is a range of non-conductive fabric materials available for its selection, ranging from Cordura ® , Polyamide spacer, Cotton, Polyester, Quartzel ® , Fleece and Woolen felt fabric [1] . The fabric material Cordura ® and Polyamide spacer has been selected here as these substrate for the antenna design can provide a stable geometry, constant thickness, if it is elongated or shrunk and resistance for its intended work. Similarly there is a range of conductive material fabric for its design such as Copper foil, Flectron, Zelt, and certain composition of Silver, Copper and Nickel. The antenna with thin copper conductor has been modelled over a thin layer of substrate with thickness of 0.5 mm. The non-conducting textile substrate material Cordura ® with its relative permittivity (ε r ) of 1.90 and loss tangent of 0.0098 and Polyamide spacer with its relative permittivity (ε r ) of 1.14 and loss tangent of 0.00 has been used here [1] . The total dimension of the conductive patch has been calculated as 98 x 134 mm 2 while substrate has a dimension of 118 x 154 mm 2 . The planar shape of the antenna has been shown in Fig. 2 while the bend shape has been illustrated in Fig. 3 . As the intended application of the antenna on its bend as wearable electronics can change the electromagnetic property of the patch and substrate, causing the resonance frequency to shift and/or change its bandwidth, and all other parameters, the bend effect has also been shown here [6] . conductive media for planar and bend structure while section B talks about the parametric results of the bend antenna for its bending effect with Cordura ® fabric material. 
A. Patch Antenna using Copper Conductor
Figs. 4 and 5 show the reflection coefficient of the dipole antenna over plane and bend form using Cordura ® and Polyamide spacer as its substrate. As seen from Fig. 4 , these planar patches show its resonance behavior at 872.68 MHz with -10.60 dB reflection and 900 MHz with -9.49 dB reflection respectively. Similarly Fig. 5 shows the resonance behavior of the bend patch with its resonating frequency at 868.9 MHz with -11.72 dB reflection for Cordura ® and 895.52 MHz with -10.42 dB reflection for Polyamide spacer substrate. As seen from Figs. 4 and 5, reflection coefficient of a planar and bend structure compares quite well at its resonating frequencies and within the RFID frequency range of 860 -960 MHz for a small bend in the shape. Fig. 6 shows the variation of the reflection coefficient for its bending effect due to variation in bending radius. Here the antenna designed over Cordura ® substrate has been used for the result. Table I shows the comparison of resonance frequency, reflection coefficient, VSWR and Gain at ø = 90° for planar and bend antenna with Cordura ® and Polyamide spacer substrate media while Table II shows the directivity, main lobe direction and total efficiency. As seen from these Tables, the bend structure provides higher gain and efficiency however the designed antenna structure can provide reasonable total efficiency and gain at its resonance. The modeling and simulation result of a dipole logo antenna for RFID applications has been shown here and various antenna parameters has been investigated for Cordura ® and Polyamide spacer as its substrate media with planar and bend shape. As seen from their various simulation results, the designed dipole antenna provides an excellent gain and directivity with good efficiency at 865 MHz. However the antenna can also work as a wide band antenna within its RFID frequency range of 860 -960 MHz. The designed antenna being made of very thin conducting and substrate material, can provide mechanical flexibility while still maintaining the electronics functionality. This makes the design quite suitable for wearable electronics applications apart from many other automotive, medical and energy harvesting applications.
B. Patch Antenna using Copper Conductor

